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Microwave data for the Antarctic Research

We try to find characteristics of microwave data from polar snow 
and ice and analyze relationships with physical parameters, then 
try to obtain climatological informations: 

>Temperature
annual mean/short term temperature variation 

>Snow accumulation
annual accumulation rate/short term change

>Surface conditions
snow properties
dominant wind field
condensation (surface hoar formation)
surface melting.
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Japanese Antarctic Research Expedition (JARE)  since 1957
- Syowa Station :wintering station, Dome F, Mizuho
- Transport: icebreaker Shirase through pack ice, fast ice
- Monitoring, detecting event



Microwave channels:
6 GHz: snow-temperature and layering;

large penetration depth： very stable in time;
difference of polarization：number of layers,

36 GHz： highly sensitive to the crystal size (&shape)
and the temperature;
small penetration depth highly changing.
detect snow temperature changes;
interaction with crystal size, density and
surface roughness.

18 GHz： depends on all the snow-cover parameters
large penetration depth less quickly than
36GHz

JAXA 2008, S. Surdyk and H. Enomoto



Microwave and
Annual mean temperature

Shallow drillings were 
available at 16 points 
and snow temperatures 
at 10m depth were 
collected. Microwave 
data at the drilling sites 
show good correlations.

This relationship can be 
available over wide area 
of the ice sheet.

MW  Averaged    > 40km



Microwave (6GHz) pattern

relating to Annual Mean Temperature
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Temperature minimum in the Antarctica  -93℃ Aug. 10, 2010       
AGU2013, Ted Scambos

Surface temperature retrieved 
by Landsat

Screen height temperature 
AWS on the ridge near Dome F 
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Cooling: radiative cooling 
Warming: warm and moist air advection
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Quiet winter / less disturbances in 2010



Climatological trrend?
Half yearly-cycle in air temperature  SP

Southern Annular Mode ⇔ less Half-yearly cycle



Cooling : temperature/regional temporal emissivity change

Surface temperature retrieved by 
Landsat (Scambos, AGU2013)
Patch-like and short term
occurring frequency





Area of Low emission   (Glazed surface)

15km

Thermal crack and 
ground pattern 

Drop of microwave Tb  (～６０K)

Stable infrared (almost 
same surface 
temperature)

Glazed surface

Sastrugi       Glazed surface

18GHz (V)
Hard surface with large 
grain and hard layer 

Sastrugi



MD190 ー MD240

Bed rock - Slope  – wind – snow – layering- microwave emission
Rise Steep    acceleration   removed   more layer   polarization difference

10km

60K

50m



Sudden drop of microwave emission on 
the snow slope. No visible differences on 
the surface snow. Ice lens in the deep 
layer?
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Ice shelf 
stability/instability

Fast ice break-up



2010/02/07 Temperature rise

AMSR-E information along Traverse Route and surrounding area

Spatial and Temporal variations



Warm day over Syowa-ice shelf zone 2010/1/9  

Melting area of ice shelf



Microwave emission 
from ice shelf show 
year-by-year variation 
melting 

Diurnal 
amplitude 
variation
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JARE News  Jan 4, 2014
http://www.nipr.ac.jp/

Fast ice condition: no large break-up recently
6m multi-year ice and 2m snow

early season: outer pack-ice zone – late season: melt pond 
Monitoring break-up and surveying easy route



Green Network of Excellence Program 
Arctic Climate Change Research Project

2011-2016

"Rapid Change of the Arctic Climate System 
and its Global Influences”

Ministry of Education, Culture, Sports, Science and Technology (MEXT),
NIPR: the core Institute, JAMSTEC: supporting institute, 
with 300 researchers from 35 universities and institutions.



Observation / GRENE Arctic Clime Change Research Project

Joensuu

Supasskaya Pad

Glacier No.31/Suntar Hayata
Snow/Siberia

Chokurdkha

Greenland

R/V Mirai (JAMSTEC)

St. Georg Is.

Qaanaaq Chukchi Sea
Bering Sea

Forest Fire/Siberia
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300 scientists
from 35 

institutes/universities

Obs-Model
Point-large scale

http://www.nipr.ac.jp/grene/kansokudayori/index.html



Large variation 
after melting

Surface melting signal (DAV) Emissivity shift after melting



• Temporally 
Sporadic 
occurrence of 
regional melting

Site A (1500m)
Greenland Ice sheet
Observation area

Melt water and 
coastal outlet 
glacier dynamics



Greenland Ice sheet
Observation area

2012 & 2013 summer
36GHz H SSM/I

Extreme conditions
2012 warm /2013 cold

NRT observation 



Ice Sheet and surrounding area
Large/regional; scale and seasonal change
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Greenland Ice Sheet and 
surrounding conditions 
Large/regional scales and 
eventual/seasonal change



Long-term tendency (SMMR-SSM/I)
and detailed updated explanation (AMSR-E,2)
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2012 July Greenland melting and other local events
Warm and dry Siberia,  Cool Alaska,

Local weather / Synoptic/ hemispheric scale  

Greenland Ice Sheet Research - Arctic Climate Change Study

NASA, JAXA 
Report on 
Greenland 
melting

Warm, dry 
summer Siberia



Actic Cryosphere and weather pattern
Observation, analysis and modelling
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Summary

1. Japanese Antarctic Research Expedition (JARE) is 
monitoring and surveying ice sheet conditions, and studying 
their changing mechanism.

2. GCOM-W data is useful for large scale and continuous  
monitoring in the changing climate. Temperature, 
accumulation, surface conditions ansd melting.

3. GRENE Arctic climate research project (2011-2016) has 
started by integrating Japanese scientific activities.

4. This project start observation in Greenland Ice Sheet, 
focusing instability of coastal outlet glaciers.

5. The Arctic project enhances interdisciplinal study and  
collaboration between modelling and observation.
Information and scale-upping by satellite is very important. 


